Three independent studies examine the impact of obesity on rheumatoid arthritis (RA), either as a risk factor for the development of disease or as a prognostic factor for the severity of disease. [1] [2] [3] Interestingly, these studies have investigated the role of obesity at different stages of the disease, ranging from the 'preclinical phase', 1 to the early RA period, 2 to the established disease stage. 3 This is important, as the role played by environmental factors may vary according to disease stage. 4 An example of the evolving impact of environmental factors during the course of the disease is provided by tobacco smoke, which is the best established risk factor for RA disease development 5 and associated with the development of severe extraarticular manifestations, 6 but which may have a protective effect on the progression of joint damage in later stages of the disease. 7 Obesity is a growing global health problem 8 and has been associated with increased risk for a number of chronic diseases. There have been conflicting reports on the impact of obesity on the risk of RA, but the majority of studies indicate a positive association in women. [9] [10] [11] [12] As always in the study of lifestyle factors and disease risk, there are methodological issues related to the direction of causality, to recall bias in retrospective investigations and to selection bias. Therefore, prospective population-based studies are needed to formally establish the causal role of obesity in RA.
Lu et al 1 report on the effect of overweight or obesity on the development of RA in the Nurses' Health Survey (NHS, enrolment from 1976) and the subsequent NHS II (enrolment from 1989)-two large prospective studies of female registered nurses, which have been used extensively for epidemiological research. Body mass index (BMI) was based on selfreported height and weight, which was assessed every 2 years using mailed questionnaires. Using time-varying BMI, Lu et al observed a trend towards an increased risk of RA in obese nurses (BMI ≥30 kg/m 2 , according to the WHO definition), with a pooled HR of 1.37 (95% CI 0.97 to 1.92). The association between obesity and subsequent RA development was stronger in the more recent NHS II. Furthermore, obesity was associated with an increased risk of RA with onset before age 55. This is in agreement with a previous, population-based control study from Olmsted County, Minnesota, where obesity was associated with an increased risk of RA diagnosis before, but not after, the age of 60. 12 Finally, in the study by Lu et al, being overweight (BMI ≥25 kg/ m 2 , based on retrospective selfassessment) at age 18 was a significant predictor of RA ( pooled HR 1.35; 95% CI 1.10 to 1.66).
1 Taken together, these results suggest that the relationship between BMI and RA is age dependent, and particularly relevant in younger women.
Given the global rise in the prevalence of obesity, these findings may have major implications for the need for future healthcare utilisation for RA. Indeed, Crowson et al 12 estimated that an increase of 20% in the incidence of RA in women between 1985 and 2007 in Olmsted County, Minnesota, could be attributed to the increase in obesity during this period. Lu et al 1 suggest that secretion of pro-inflammatory cytokines from adipose tissue may contribute to the pathogenesis of RA. However, the mechanisms linking such circulating inflammatory markers to the development of synovitis remain to be elucidated. Alternatively, the association between obesity and RA may reflect residual confounding by other exposures. Although Lu et al adjusted their analyses for a number of factors, including smoking, alcohol use, hormone-related factors and physical activity, it is still possible that other lifestyle factors related to BMI, such as differences in dietary habits, explain these findings. For example, preliminary results from two prospective studies indicate that a high salt intake 13 and regular consumption of sugarsweetened soft drinks 14 may be associated with an increased risk of RA.
Lu et al 1 observed similar trends in the association with obesity for seropositive (ie, positive for anti-citrullinated peptide antibodies (ACPA) and/or rheumatoid factor) and seronegative RA, although the impact on ACPA-positive RA was not studied separately. In contrast, several studies have reported an increased risk in obese women for ACPA-negative RA, but not for ACPA-positive RA. 10 11 This is particularly intriguing, since ACPA-negative RA is often viewed as a different disease entity, with different underlying pathogenic mechanisms.
Adipocytes in adipose tissue produce bioactive substances, the so-called adipokines. Although their role in the development of RA is not yet fully understood, several adipokines have proinflammatory effects that may play a role in RA disease development. 15 For example, visfatin activates leukocytes and protects from apoptosis. 15 Furthermore, blocking visfatin activity has been shown to reduce the severity of arthritis in the collagen-induced arthritis mouse model. 16 These pathways may be particularly relevant in ACPAnegative RA, where the classic immunological pathways may be relatively less important.
The association between obesity and RA observed in women in the NHS/NHS II and other populations may not apply to men. In the Swedish Epidemiological Investigation of Rheumatoid Arthritis (EIRA), a retrospective case-control study, obesity was associated with a reduced risk of ACPA-positive RA in men. 11 Furthermore, in a recent prospective study, based on the Malmö Preventive Medicine Project in Sweden, men, but not women, with a high BMI were at a reduced risk of developing RA. 17 This suggests that hormone-related factors or other sexspecific exposures modify the impact of obesity in RA, and further highlights the potential importance of body fat distribution and diet for RA development.
The role of obesity in RA disease progression and disease severity is less well established. 18 Obesity in RA has been associated with an increased risk of mortality, cardiovascular comorbidity, total joint replacement, work disability, high medical costs, increased pain and impaired quality of life. 19 20 Obesity may also negatively influence the long-term evolution of function and disease activity. 18 19 More recently, it has been suggested that obese patients are less likely to respond to anti-tumour necrosis factor α agents (anti-TNFs). 21 22 Obesity was associated with a decreased likelihood of reaching remission in RA patients treated with anti-TNFs. 22 In addition, one study has found decreased treatment response to combination therapy with synthetic disease modifying anti-rheumatic drugs (DMARDs) in patients with higher BMIs. 23 Investigators from Sweden examined whether obese RA patients did in fact have decreased chances of achieving favourable disease outcomes in early disease. 2 Obese patients were less likely to attain low disease activity or pain remission. 2 Interestingly, the effect of obesity was notably more pronounced for subjective outcome measures ( patient global assessment, tender joint counts) than for objective endpoints (acute phase reactants or swollen joint counts), for which the difference from normal weight patients did not reach statistical significance. Similar observations have been made in other rheumatic diseases. In patients with advanced hip osteoarthritis (OA), increasing BMI was associated with higher pain levels at similar degrees of joint damage. 24 When adipocytokine concentrations in the synovial fluid of these patients were analysed, the level of joint pain was strongly associated with leptin concentrations, even after correcting for obesity. 25 Similar observations have been made in hand OA, a condition affecting nonweight-bearing joints. 26 Overall, these findings suggest that the increased pain observed in women and in obese OA patients may be mediated by adipocytokines. One may hypothesise that specific adipocytokines could also play a role in the arthritic pains in inflammatory arthritides, 27 and thus account for the association between obesity and pain in RA. 2 Investigators explored the impact of obesity on structural joint damage in patients with established RA. 3 Increasing levels of BMI were associated with less radiographic progression over 1 and 2 years after initiation of an anti-TNF. These results are both reassuring and intriguing. Reassuring, because several studies have demonstrated that obese and overweight patients are less likely to respond well clinically to anti-TNF agents. 2 21 22 Therefore, demonstrating that higher residual disease activity in obese patients does not result in irreversible joint damage, is good news. But this finding is also intriguing, as we generally expect a direct relationship between inflammation and structural joint damage.
However, the association between inflammation and structural joint damage appears to be disconnected in patients treated with biologic agents. 28 Other studies have demonstrated similar findings in RA patients treated with synthetic DMARDs, 29 30 suggesting that the negative association between BMI and radiographic joint damage is not specific to anti-TNF-treated RA. Taken together, these results suggest that a high BMI is associated with an RA phenotype characterised by persistent pain and poor patient reported outcomes, and partially refractory to treatment, whereas low BMI is associated with a phenotype characterised by progressive joint destruction in spite of biologic therapy.
The mechanisms of the association between obesity and low radiographic progression remain elusive, and potentially the causal pathway may be the other way round. Lower BMI could just be a proxy for an intrinsically more aggressive disease, 31 just as persistent anaemia often reflects chronic inflammation. It should also be recognised that BMI, while readily available and frequently used in epidemiological studies, is a rather crude measure of metabolic status. Changes in the distribution and the properties of adipose tissue over time, alterations in the lean body mass and also ethnic differences, may explain some discrepant results on obesity and RA.
While more research is certainly warranted to understand the precise mechanisms of how obesity affects RA, the clinical implications of these findings are that exercise and weight loss may be important both to prevent metabolic and cardiovascular diseases and also to avoid RA, at least in women. The impact of weight loss programmes in healthy individuals at high risk for the disease, such as first degree family members of RA patients or heavy smokers, should be investigated. Obesity in RA patients seems to be associated with persistent pain. This underlines the importance of lifestyle interventions in the management of patients with RA and other rheumatic diseases.
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